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Introduction

In recent years, the growing emphasis on interdisciplinary learning, 
creativity, and problem-solving in education has increased interest in inte-
grated approaches such as STEM, STEAM, and STREAM education. Today’s 
education systems expect students not only to acquire discipline-specific 
knowledge but also to apply it in processes such as solving real-world prob-
lems, developing original products, integrating diverse perspectives, and 
producing sustainable solutions (Johnston et al., 2022; Sun & Zhong, 2024).
This expectation has brought the STEM approach, which integrates science, 
technology, engineering, and mathematics, to the centre of educational 
research; later, it laid the groundwork for the development of the STEAM ap-
proach, which emphasizes the creative and aesthetic representation power 
of art, and the STREAM approach, which adds the literacy/reading dimension 
to the interdisciplinary meaning-making process. In this developmental line, 
integrative reviews on STEAM education have emphasized that interdis-
ciplinary learning should be understood not only as the addition of art to 
STEM but also as a pedagogical framework that connects creativity, inquiry, 
design, and meaning-making processes (Ng et al., 2022). STREAM education 
is a contemporary educational approach that aims to develop students’ skills 
in scientific inquiry, technological production, literacy, engineering design, 
creative expression, and mathematical reasoning through holistic learning 
experiences by bringing together the fields of Science, Technology, Read-
ing, Engineering, Arts, and Mathematics (Pakalnina & Grava, 2025; Phang et 
al., 2023; Sun & Zhong, 2024). In this respect, STREAM is not merely about 
bringing disciplines together; it offers an integrated pedagogical framework 
that supports students in analysing problem situations from multiple dimen-
sions, justifying their solutions, utilizing design and production processes, 
and creating meaning through different forms of representation. Similarly, 
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STEAM education has been discussed as a multidimensional educational approach that involves prospects, pri-
orities, processes, and implementation-related problems rather than a simple combination of disciplinary fields 
(Belbase et al., 2022). Although STEM (Science, Technology, Engineering, and Mathematics), STEAM (STEM + Arts), 
and STREAM (STEM + Reading/wRiting) share a common interdisciplinary foundation, they differ in their curricular 
emphasis and scope. While STEM focuses on technical competencies and STEAM incorporates creative and artistic 
dimensions, STREAM uniquely integrates literacy components - reading and writing - into the interdisciplinary 
framework, thereby fostering language-based reasoning alongside scientific and engineering practices (Sun & 
Zhong, 2024). The present study specifically focuses on STREAM as a distinct and emerging approach, rather than 
treating these frameworks interchangeably.

One of the main reasons for the increasing importance of the STREAM approach is its close relationship with 
21st-century skills and interdisciplinary learning processes. Skills such as creative thinking, problem-solving, col-
laboration, communication, decision-making, critical thinking, and innovative product development develop more 
robustly at the intersection of disciplines rather than within the boundaries of a single discipline. Current studies 
in the field of science education also show that integrated STEM, problem-based learning, and design-based ap-
plications can have positive effects on students’ conceptual understanding, scientific creativity, problem-solving, 
motivation, and entrepreneurial creative thinking skills (Arifin & Siew, 2023; Dedetürk et al., 2021; Ghazali et al., 
2024; Khamhaengpol et al., 2021). The theoretical background of STREAM education can be associated with 
social constructivist learning, design-based learning, and self-efficacy theory. The social constructivist approach 
emphasizes that knowledge is constructed through social interaction, language, cultural tools, and collaboration, 
while design-based learning enables students to identify criteria and constraints, generate alternative solutions, 
develop prototypes, and evaluate their solutions in response to open-ended problem situations. In this regard, 
the engineering design process is one of the central components of the STREAM approach (Capobianco & Radloff, 
2022; Mumba et al., 2023; Ojeogwu & Mumba, 2025).

In terms of teacher education, the transfer of the STREAM approach to classroom environments largely depends 
on the knowledge, perception, experience, and self-efficacy of teachers and pre-service teachers regarding this 
approach (Alanazi & Al-Zahrani, 2025; Subramaniam et al., 2023). Teachers are the key actors who design interdis-
ciplinary learning environments, guide the learning process, and support students’ design-production processes. 
In early childhood education contexts, teachers’ beliefs about STEAM education also play a decisive role in how 
integrated interdisciplinary practices are interpreted and implemented in classroom environments (Alghamdi, 
2023). Therefore, how pre-service teachers perceive STREAM practices, the extent to which they value STREAM 
disciplines, and how they evaluate the difficulties in the implementation process are crucial in determining the 
likelihood of them using this approach in their classrooms in the future. Phang et al. (2023) have shown that while 
teachers have positive perceptions of STREAM education, they face difficulties in terms of teacher expertise, profes-
sional training opportunities, resource shortages, and implementation confidence. Pakalnina and Grava (2025) also 
stated that for STREAM practices to be effective, teachers need to rethink the pedagogical process, be supported 
with appropriate methods and materials, and have their professional development opportunities strengthened.

In this context, the self-efficacy theory provides an important explanatory framework. According to Bandura 
(1997), self-efficacy is the belief in one’s ability to successfully perform a specific task, and this belief affects the 
individual’s effort, determination, resilience in the face of challenges, and performance. In the context of STEM and 
engineering education, teacher self-efficacy is related to their capacities to plan interdisciplinary activities, imple-
ment design-based teaching, support students’ problem-solving processes, and cope with uncertainties in the teach-
ing process. Chen et al. (2021) reported that pre-service teachers’ STEM self-efficacy is related to their pedagogical 
beliefs and professional development needs; Yang et al. (2023) found that STEM teaching self-efficacy exhibits a 
two-dimensional structure of pedagogical self-efficacy and content self-efficacy. Additionally, the inclusion of the 
engineering design process in STEM project-based learning can support pre-service teachers’ engineering design 
thinking, their ability to design STEM lessons, and their self-efficacy in science-engineering teaching (Capobianco 
et al., 2022; Hammack et al., 2024; Laksmiwati et al., 2024; Lin et al., 2021; Mumba et al., 2023). 

In the context of Türkiye, engineering design skills are gaining increasing importance in science curricula 
in terms of interdisciplinary thinking, innovative product development, problem-solving, and productivity. The 
Engineering Design Skills Self-Efficacy Perception Scale, developed by Kahraman et al. (2024), allows for a multidi-
mensional assessment of pre-service teachers’ self-efficacy perceptions regarding engineering design skills. How-
ever, the relationships between engineering design self-efficacy and pre-service teachers’ perceptions of STREAM 
implementations, their evaluation methods of STREAM disciplines, and the challenges of STREAM implementation 
have not yet been sufficiently clarified.
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Three main gaps are noteworthy in the literature. Despite the increase in STEM/STEAM-focused studies, there 
are limited valid and reliable tools for measuring the STREAM approach in the context of pre-service teachers. 
Current studies mostly focus on narrower constructs such as STEM teaching self-efficacy, STEM attitude, STEM 
pedagogical belief, or engineering design self-efficacy (Chen et al., 2021; Hammack et al., 2024; Menon et al., 2025; 
Yang et al., 2023). In addition, in scale adaptation studies, it is necessary to present multiple pieces of evidence 
together, such as construct validity, reliability, convergent and discriminant validity, criterion-related validity, and 
measurement invariance, rather than relying solely on translation and internal consistency evidence (International 
Test Commission [ITC], 2017). Another gap concerns the lack of interpretable cut-off points for subscale scores that 
can support needs assessment, program evaluation, and professional development planning in teacher education. 
These gaps guided the research questions addressed in this study.

The unique value of this study stems from its comprehensive evaluation of the Turkish adaptation of the 
STREAM-PICS and its examination of the relationship between STREAM perceptions and engineering design self-
efficacy among pre-service teachers. The study provides comprehensive psychometric evidence and empirical 
support for using the instrument in Turkish teacher education.

Research Aim and Research Questions

This study aimed to examine the psychometric properties of the Turkish version of the STREAM Perception 
and Implementation Challenges Scale for Pre-Service Teachers and to evaluate the interpretability of its subscale 
scores. Specifically, the study examined the factor structure, reliability, validity, measurement invariance across 
gender, empirical cut-off scores, and the relationships between STREAM perceptions and engineering design self-
efficacy. Differences according to class level and academic department were also examined.

1.	 Is the three-factor structure of the Turkish form of the STREAM Perception and Implementation Chal-
lenges Scale for Pre-Service Teachers validated in a sample of pre-service teachers?

2.	 Do the standardized factor loadings and error variances of the items in the Turkish version of the scale 
exhibit acceptable psychometric properties at the item level?

3.	 Do the subscale scores obtained from the Turkish form of the STREAM scale provide sufficient evidence 
of reliability in terms of Cronbach’s alpha, McDonald’s omega, and composite reliability coefficients?

4.	 What is the relationship between the sub-dimensions of the STREAM scale and the total score and 
sub-dimensions of the Engineering Design Skills Self-Efficacy Perception Scale?

5.	 To what extent does the Turkish form of the STREAM scale provide evidence of convergent and discri-
minant validity in terms of AVE, CR, and HTMT values?

6.	 What empirical score classifications can be derived for interpreting the subscale scores of the STREAM scale?
7.	 Does the Turkish version of the STREAM scale provide configural, metric, scalar, and strict measurement 

invariance across gender?
8.	 Do the perceptions of pre-service teachers regarding STREAM implementations, their perceptions of 

STREAM disciplines, and their perceptions of the difficulties in implementing STREAM education show 
significant differences according to grade level?

9.	 Do the perceptions of pre-service teachers regarding STREAM implementations, their perceptions of 
STREAM disciplines, and their perceptions of the difficulties in implementing STREAM education show 
significant differences based on the department they are studying in?

Research Methodology

Design

This quantitative study combined methodological and relational survey designs. The methodological com-
ponent evaluated the Turkish adaptation of the STREAM-PICS through construct validity, internal consistency, 
convergent and discriminant validity, criterion-related validity, gender-based measurement invariance, and score 
interpretability. The relational component examined the associations between STREAM-PICS subscale scores and 
engineering design self-efficacy. The study followed contemporary test-adaptation standards, which require evi-
dence beyond linguistic equivalence, including structural validity, reliability, relations with external variables, and 
group comparability (American Educational Research Association et al., 2014; DeVellis, 2017; ITC, 2017).
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Data were collected cross-sectionally during the 2025–2026 academic year. Preparatory procedures, including 
instrument selection, permission, translation, expert review, pilot testing, and ethical approval, were completed 
in the fall semester, and the finalized instruments were administered in the spring semester. Because the factor 
structure was theoretically specified, confirmatory factor analysis was used to evaluate the fit between the proposed 
model and the observed data (Brown, 2015; Creswell & Creswell, 2018; Kline, 2016).

 
Participants

Participants were selected through convenience sampling from education faculty programs accessible to the 
researchers, an approach commonly used when probability sampling is not feasible in scale-adaptation research 
(Büyüköztürk et al., 2019). Data were initially collected from 508 pre-service teachers. Ten cases identified as 
multivariate outliers through Mahalanobis distance were excluded, resulting in a final sample of 498 participants.

The final sample exceeded general recommendations for factor analysis and confirmatory factor analysis. The 
two instruments contained 61 items in total, corresponding to approximately 8.2 participants per item, which was 
within the recommended range of 5–10 participants per item (Hair et al., 2019; Tabachnick & Fidell, 2019). It also 
exceeded the minimum of 200 cases recommended for CFA models of moderate complexity (Wolf et al., 2013). A 
power analysis based on α = .05, f² = .15, and .80 power indicated a minimum sample of 181 participants (Cohen, 
1988; Faul et al., 2009).

Descriptive results regarding the sociodemographic information of the participants are provided in Table 1.

Table 1
Sociodemographic Information of Pre-Service Teachers

Variable Category f %

Gender

Female 409 82.3

Male 88 17.7

Missing data 1 -

Grade level

1st year 128 25.7

2nd year 116 23.3

3rd year 144 28.9

4th year 110 22.1

Previous participation in STREAM-related training

Yes 77 15.6

No 418 84.4

Missing data 3 -

Department

Primary Mathematics Education 116 23.3

Chemistry Education 33 6.6

Science Education 58 11.6

Primary School Education 126 25.3

Turkish Language Education 133 26.7

Art Education 32 6.4

Taking courses related to STEM/STREAM/engineering 
design in the undergraduate program

Yes 40 8.1

No 453 91.9

Missing data 5 -

Experience in planning STEM activities within workshops/
training/projects

Yes 43 8.7

No 450 91.3

Missing data 5 -
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Variable Category f %

Conducting design/production activities with students dur-
ing school experience/teaching practicum courses

Yes 45 9.1

No 449 90.9

Missing data 4 -
Note. f = frequency.

As shown in Table 1, participants were distributed relatively evenly across grade levels, although women 
constituted 82.3% of the sample. Most participants had not received prior STREAM-related training (84.4%), taken 
relevant undergraduate courses (91.9%), planned STEM activities in workshops or projects (91.3%), or conducted 
design and production activities during teaching practice (90.9%). Thus, the sample largely represented pre-service 
teachers with limited prior exposure to STREAM and engineering design.

Instruments

Data were collected using a Personal Information Form, the Turkish STREAM Perception and Implementation 
Challenges Scale for Pre-Service Teachers (STREAM-PICS), and the Engineering Design Skills Self-Efficacy Perception 
Scale. Engineering design self-efficacy was used as an external criterion because of its theoretical relationship with 
the design-based nature of STREAM education (DeVellis, 2017).

Personal Information Form

The form collected information on gender, grade level, academic department, previous STREAM-related 
training, relevant undergraduate coursework, experience in planning STEM activities, and design or production 
activities conducted during teaching practice.

Turkish Form of the STREAM Perception and Implementation Challenges Scale for Pre-Service 
Teachers (STREAM-PICS)

The original STREAM-PICS was used by Phang et al. (2023) to assess perceptions of STREAM implementation, 
the educational value of STREAM disciplines, and challenges encountered during implementation. The original 
instrument comprised 30 items rated on a four-point Likert scale.

The instrument was adapted into Turkish in accordance with the ITC (2017) guidelines. Responses ranged 
from 1 (strongly disagree) to 4 (strongly agree). Higher scores indicated more positive perceptions of STREAM imple-
mentation and disciplines in the first two subscales and greater perceived implementation challenges in the third 
subscale. Following the adaptation and validation procedures, the Turkish form comprised 26 items across three 
factors. Detailed validity and reliability findings are reported in the Results section.

Engineering Design Skills Self-Efficacy Perception Scale

	 The Engineering Design Skills Self-Efficacy Perception Scale was developed by Kahraman et al. (2024) to 
assess pre-service teachers’ perceived competence in engineering design. The instrument contains 35 positively 
worded items across five subscales: part–whole focus, product development, multidisciplinary collaboration, design 
creation, and generating original solutions and decision-making. Items are rated on a four-point Likert scale, and 
higher scores indicate greater engineering design self-efficacy.

In the present sample, internal consistency was high for the total score (ω = .964, α = .954), while subscale 
coefficients ranged from .843 to .911 for omega and from .845 to .911 for alpha. Confirmatory factor analysis sup-
ported the five-factor structure, χ²/df = 1.948, CFI = .978, NNFI = .977, NFI = .956, RMSEA = .045, 90% CI [.041, .049], 
and SRMR = .080.
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Scale Adaptation Process

Permission to adapt the STREAM-PICS into Turkish was obtained from the original authors. Eight language 
experts contributed to the forward translation. The Turkish form was reviewed by four subject-matter experts, 
eight language experts, and two measurement and evaluation experts in terms of linguistic clarity, conceptual 
equivalence, cultural appropriateness, and suitability for pre-service teachers. Revisions were based on qualitative 
expert feedback; a content validity index was not calculated. The revised form was back-translated into English and 
compared with the original instrument to identify possible discrepancies. Pilot testing and cognitive interviews 
with pre-service teachers who had characteristics similar to those of the target sample were then used to evaluate 
item clarity, response options, and contextual relevance. Minor wording revisions were made before the application 
form was finalized. These procedures followed the ITC (2017) guidelines, which emphasize linguistic, conceptual, 
and cultural equivalence in test adaptation.

Following administration, construct validity was examined through confirmatory factor analysis. Items with 
low factor loadings and high error variances were evaluated jointly in terms of statistical performance, theoretical 
representativeness, content validity, and expert judgment. Items whose removal did not narrow the theoretical 
coverage of the construct were excluded, and the final model was retested (DeVellis, 2017; Kline, 2016; Worthington 
& Whittaker, 2006).

Data Collection Process and Ethical Principles

Ethical approval for the study was obtained from the Social and Humanities Ethics Committee of Çanakkale 
Onsekiz Mart University (Approval No. E-80110942-050.99-2500208162 – 2025-YÖNP-0709 – 55/72; Date: 22 August 
2025), and institutional permission was secured before data collection. Participants received information about the 
study’s purpose, voluntary participation, withdrawal rights, anonymity, confidentiality, and scientific use of the data. 
Completion of the form was regarded as informed consent. The Personal Information Form and both scales were 
administered together and required approximately 10–12 minutes to complete. No identifying information was 
collected, and the data were analysed anonymously in accordance with established ethical principles for research 
involving human participants (American Psychological Association [APA], 2017).

Data Analysis

The dataset was screened for missing values, univariate and multivariate outliers, and distributional assump-
tions. No item-level data were missing. Cases identified as multivariate outliers through Mahalanobis distance 
were excluded, and the analyses were conducted with 498 participants. Multivariate normality was assessed using 
Mardia’s test. Because the assumption of multivariate normality was not met and the STREAM-PICS items were 
measured on a four-point ordinal scale, confirmatory factor analysis was conducted using diagonally weighted 
least squares estimation (Li, 2016; Rhemtulla et al., 2012; Tabachnick & Fidell, 2019).

Frequencies and percentages were calculated for participant characteristics. The hypothesized three-factor 
structure of the Turkish STREAM-PICS was evaluated through confirmatory factor analysis. Model fit was assessed 
using χ²/df, RMSEA, CFI, TLI/NNFI, NFI, GFI, and SRMR. Values above .90 for incremental fit indices and below .08 
for RMSEA and SRMR were considered acceptable, while values above .95 and below .05, respectively, indicated 
good fit (Brown, 2015; Hu & Bentler, 1999; Kline, 2016; Schermelleh-Engel et al., 2003). Item retention decisions 
were based jointly on standardized factor loadings, error variances, theoretical relevance, content coverage, and 
expert judgment rather than statistical criteria alone (Brown, 2015; DeVellis, 2017).

Internal consistency was evaluated using Cronbach’s alpha, McDonald’s omega, and composite reliability, with 
coefficients of .70 or higher considered acceptable. Omega and composite reliability were included because alpha 
alone may be affected by violations of tau-equivalence (Dunn et al., 2014; McNeish, 2018; Nunnally & Bernstein, 1994).

Criterion-related validity was examined through Pearson correlations between the STREAM-PICS subscales 
and the total and subscale scores of the Engineering Design Skills Self-Efficacy Perception Scale (DeVellis, 2017). 
Convergent validity was evaluated using average variance extracted (AVE), interpreted together with composite 
reliability when AVE was below .50 (Fornell & Larcker, 1981; Hair et al., 2019). Discriminant validity was assessed 
using heterotrait–monotrait ratios, with values below .85 considered supportive of factor distinctiveness (Henseler 
et al., 2015).
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Gender-based measurement invariance was tested through configural, metric, scalar, and strict models. 
Model comparisons were based on changes in CFI, RMSEA, and SRMR because chi-square difference tests may 
be overly sensitive in large samples. Changes of no more than .01 in CFI, .015 in RMSEA, and .030 in SRMR were 
used as the principal criteria for invariance, while the more liberal ΔCFI criterion of .02 was considered for complex 
group comparisons (Chen, 2007; Cheung & Rensvold, 2002; Meredith, 1993; Putnick & Bornstein, 2016; Rutkowski 
& Svetina, 2014).

Two-step cluster analysis was conducted separately for each STREAM-PICS subscale to derive sample-based 
score classifications. Cluster quality and separation were evaluated using the average Silhouette coefficient. These 
classifications were treated as provisional empirical cut-off points rather than expert-based standards (AERA et al., 
2014; Kaufman & Rousseeuw, 2009).

One-way ANOVA was used to examine differences in subscale scores by grade level and academic depart-
ment. Homogeneity of variances was assessed using Levene’s test; significant effects were followed by post hoc 
comparisons, and eta squared was reported as the effect-size estimate (Cohen, 1988; Lakens, 2013). Because the 
STREAM-PICS represents three related but distinct dimensions, subscale scores were used for interpretation; the 
total score was reported only for descriptive purposes.

Research Results

Within the scope of the research, confirmatory factor analysis (CFA) was conducted to obtain evidence of con-
struct validity for the adapted measurement tool. When the initial CFA results were examined, it was determined 
that the standardized factor loadings of the four items in the scale fell below the acceptable lower limit and that the 
error variances were quite high. Accordingly, for item1, λ = .210, ε = .956; for item10, λ = .226, ε = .949; for item26 
λ = .203, ε = .957 and for item30 λ = .206, ε = .958 were calculated. Therefore, these items have been examined 
not only based on statistical justifications but also in accordance with the evaluations made by field experts and 
measurement-evaluation specialists regarding content, scope, and measurement appropriateness.

As a result of expert opinions, it was evaluated that the removal of Items 1, 10, 26, and 30 would not com-
promise the theoretical structure or content validity of the scale. Accordingly, these items were removed, and the 
CFA model was re-estimated using the remaining items. The item removal process was guided by both statistical 
evidence and expert judgment to preserve the theoretical integrity of the scale. The fit indices obtained from the 
CFA are presented in Table 2.

Table 2 
Estimated Values and Threshold Values of Fit Indices for the STREAM Scale

Fit Indices Good Fit Acceptable Fit Estimated Values

χ2 /df 0 ≤  χ2/df  <2 2 ≤ χ2/df ≤ 5 1.998

RMSEA(%90 CI) 0 ≤ RMSEA < 0.05 0.05 ≤ RMSEA ≤ 0.10 0.045 (0.040-0.050)

NNFI 0.95 ≤ NNFI ≤ 1.00 0.90 ≤ NNFI < 0.95 0.962

NFI 0.95 ≤ NFI ≤ 1.00 0.90 ≤ NFI < 0.95 0.933

CFI 0.95 ≤ CFI ≤ 1.00 0.90 ≤ CFI < 0.95 0.965

GFI 0.95 ≤ GFI ≤ 1.00 0.90 ≤ GFI< 0.95 0.998

SRMR 0 ≤ SRMR < 0.05 0.05 ≤ SRMR ≤ 0.10 0.065
Note. RMSEA = Root Mean Square Error of Approximation; CI = Confidence Interval; NNFI = Non-Normed Fit Index; NFI = Normed 
Fit Index; CFI = Comparative Fit Index; GFI = Goodness of Fit Index; SRMR = Standardized Root Mean Square Residual. Adapted 
from Browne and Cudeck (1992).

The findings presented in Table 2 indicate that the tested measurement model showed an acceptable to 
good fit. The χ²/df ratio calculated for the model was 1.998, which falls within the good fit range (MacCallum et al., 
1996). Additionally, the RMSEA value of .045 indicates that the model also exhibited a high level of fit in terms of 
error sensitivity. The CFI, NNFI/TLI, and SRMR indices also met the recommended threshold values and confirmed 
the overall fit of the model (Hu & Bentler, 1999). These findings indicate that the three-factor structure of the scale 
was supported in the sample of pre-service teachers. The measurement model related to the tested model is 
provided in Figure 1.
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Figure 1
The Tested Measurement Model

Note. The figure presents the standardized factor loadings and error variances of the retested measurement model after the item-
removal process. In the first stage of the adaptation process, Items 1, 10, 26, and 30 were removed from the measurement tool due to 
low factor loadings and high error variances, taking expert opinions into consideration. Following this procedure, the remaining items in 
the scale were renumbered sequentially, and the final confirmatory factor analysis (CFA) model was reported based on the revised item 
numbering. Therefore, the item numbers presented in the figure represent the current item order after the item-removal process.
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When examining the item factor loadings of the validated model, the factor loadings ranged from λ = .300 
to λ = .816, and the error variance values ranged from ε = .333 to ε = .910. 

Most items demonstrated acceptable psychometric properties. Two items showed borderline factor loadings 
(λ = .300 and λ = .306) with relatively high error variances (ε = .910 and ε = .906).

The two items were retained because expert evaluations indicated that they contributed to the theoretical 
coverage of the construct. However, given their borderline factor loadings and relatively high error variances, 
these items should be re-examined and, if necessary, revised in future validation studies. After the validity evi-
dence of the measurement tool was provided, the reliability evidence was examined and presented in Table 3. 

Table 3
Reliability Coefficients for the Scale and Its Sub-dimensions

Scale / Sub-dimensions Number of 
Items

McDonald’s  
ω

Cronbach’s  
α

Composite  
Reliability (CR)

Perceptions on the STREAM Implementation 11 .746 .800 .799

STREAM Disciplines 12 .824 .854 .869

The Challenges to Implement STREAM Education 3 .745 .725 .740

Scale Total 26 .879 .877 .930

Note. CR = Composite Reliability. The coefficients related to the total scale score are reported for descriptive purposes only. Due 
to the multidimensional structure of the scale, the correlation patterns among the sub-dimensions, and particularly the distinct 
nature of the “Challenges in Implementing STREAM Education” dimension compared to the other dimensions, sub-dimension 
scores rather than the total score were used in the interpretation of the scale.

Table 3 presents McDonald’s omega, Cronbach’s alpha, and composite reliability coefficients for the scale and 
its sub-dimensions. All reliability coefficients exceeded the recommended threshold of .70, indicating acceptable 
internal consistency for each subscale (Nunnally & Bernstein, 1994).

Convergent and Discriminant Validity

After providing evidence of construct validity for the measurements obtained from the adapted Stream scale, 
correlations with the Engineering Design Skills Self-Efficacy Perception Scale and its sub-dimensions, as well as 
AVE and HTMT ratios, were examined to provide evidence of criterion validity. The obtained findings are presented 
in tables 4 and 5.

Table 4
Correlations Between the STREAM Scale and Criterion Variables

Variables 1 2 3 4 5 6 7 8 9

1. Perceptions on the STREAM Implementation —

2. STREAM Disciplines .628** —

3. The Challenges to Implement STREAM Education .057 .110* —

4. STREAM Total Scale .720** .759** .646** —

5. Part-Whole Focus .402** .288** .062 .327** —

6. Product Development .404** .408** .105* .405** .738** —

7. Multidisciplinary Collaboration .371** .394** .107* .387** .594** .703** —
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Variables 1 2 3 4 5 6 7 8 9

8. Design Creation .294** .233** .001 .224** .527** .515** .442** —

9. Generating Original Solutions and Decision Making .339** .363** .054 .330** .603** .682** .614** .527** —

10. Engineering Design Skills Self-Efficacy Perception 
Scale .442** .402** .079 .403** .872** .894** .785** .732** .815**

Note. N = 498. Pearson correlation coefficients have been reported. *p < .05, **p < .01.

Table 4 presents the Pearson correlation coefficients between the STREAM scale and the Engineering Design 
Skills Self-Efficacy Perception Scale and its sub-dimensions. Perceptions of STREAM implementation and STREAM 
disciplines were moderately and positively correlated (r = .628, p < .01). However, the relationships of the challenges 
to implement the STREAM education sub-dimension with the other two STREAM sub-dimensions are very weak. 
The relationship of this sub-dimension with Perceptions on the STREAM implementation is not significant (r = .057, 
p > .05); the relationship with STREAM disciplines is positive but at a very low level (r = .110, p < .05). 

When examining the relationships between the sub-dimensions of the STREAM scale and the sub-dimensions 
of the Engineering Design Skills Self-Efficacy Perception Scale, it has been determined that the sub-dimension of 
Perceptions on the STREAM implementation shows positive and low to moderate significant relationships with 
the sub-dimensions of engineering design skills. This dimension’s Part-whole-focus (r = .402, p < .01), Product 
development (r = .404, p < .01), Multidisciplinary collaboration (r = .371, p < .01), Design creation (r = .294, p < .01), 
and Generating original solutions and decision-making (r = .339, p < .01) sub-dimensions have significant rela-
tionships. Similarly, the STREAM disciplines sub-dimension also shows positive and significant relationships with 
the engineering design skills sub-dimensions. These relationships are at the levels of r = .288 for Part-whole focus, 
r = .408 for Product development, r = .394 for Multidisciplinary collaboration, r = .233 for Design creation, and 
r = .363 for Generating original solutions and decision-making (p < .01). In contrast, the relationships between the 
sub-dimension of The challenges to implement STREAM education and the sub-dimensions of engineering design 
skills are generally very low; only statistically significant but very weak relationships were found with Product de-
velopment (r = .105, p < .05) and Multidisciplinary collaboration (r = .107, p < .05). The relationships with part-whole 
focus, design creation, generating original solutions and decision-making are not significant.

The relationships between the total score of the Engineering Design Skills Self-Efficacy Perception Scale and 
the STREAM sub-dimensions also support this pattern. The total score of engineering design skills shows a positive 
and moderate relationship with Perceptions on the STREAM implementation (r = .442, p < .01), it shows a positive 
and moderately strong relationship with STREAM disciplines (r = .402, p < .01). However, the relationship between 
the challenges to implement the STREAM education sub-dimension and the total score of engineering design skills 
is not significant (r = .079, p > .05). This situation reveals that the sub-dimensions of the STREAM scale do not show 
relationships at the same level and in a similar direction with engineering design skills.

Table 5
AVE and HTMT Values for the STREAM Scale

Factors AVE Factor 1 Factor 2 Factor 3

Factor 1: Perceptions on the STREAM Implementation .259 —

Factor 2: STREAM Disciplines .320 .765 —

Factor 3: The Challenges to Implement STREAM Education .498 .133 .134 —
Note. AVE = Average Variance Extracted; HTMT = Heterotrait–Monotrait Ratio. The values below the diagonal represent the 
HTMT ratios between the factors.

Evidence of convergent and discriminant validity was evaluated using AVE, HTMT ratios, composite reliability 
and inter-factor correlations. The AVE values were .259 for Factor 1, .320 for Factor 2, and .498 for Factor 3, whereas 
composite reliability coefficients exceeded .70 for all factors. However, the acceptable levels of composite reliability 
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coefficients and the support of HTMT values for discriminant validity provide partial psychometric evidence for 
the usability of the scale at the sub-dimension level. Therefore, when evaluating the psychometric properties of 
the scale, it should be noted that the evidence of convergent validity is limited rather than strong, whereas the 
evidence of construct reliability and discriminant validity is more supportive.

The findings obtained in terms of discriminant validity provide stronger evidence. When examining the inter-
factor correlations, it is observed that there is a positive and moderately significant relationship between Factor 1 
and Factor 2, r = .628, p < .01. However, the relationship between Factor 3 and Factor 1 is not significant, r = .057, 
p > .05; Its relationship with Factor 2 is positive but quite low, r = .110, p < .05. 

HTMT ratios also supported discriminant validity. The HTMT value between Factor 1 and Factor 2 was .765, the 
HTMT value between Factor 1 and Factor 3 was .133, and the HTMT value between Factor 2 and Factor 3 was .134. 
These values were below the .85 threshold, indicating discriminant validity among the factors. Especially the very 
low HTMT values between Factor 1–Factor 3 and Factor 2–Factor 3 indicate that the third factor is conceptually and 
statistically distinct from the other factors. The HTMT value of .765 between Factor 1 and Factor 2 indicates that 
these two dimensions are related but do not overlap to a degree that would threaten their discriminant validity.

Criterion-related validity findings were consistent with the correlation analyses. The first two STREAM sub-
dimensions showed moderate positive relationships with engineering design self-efficacy, whereas the “Challenges 
to Implement STREAM Education” showed weak or non-significant relationships.

Determination of Empirical Cut-off Points for Subscale Scores 

To enhance the interpretability of the scores obtained from the scale and to determine empirical threshold 
values for STREAM levels, a two-stage cluster analysis was conducted. Due to the low correlations between the 
sub-dimensions, the sub-dimension scores were used instead of the total score of the scale in the empirical clas-
sification process. Therefore, the obtained levels were interpreted not as a classical standard-setting process based 
on expert judgment, but as empirical cut-off points based on the score distributions obtained from the current 
sample. In this context, a two-stage cluster analysis was conducted based on the sub-dimensions.

As a result of the analysis, it was determined that the first factor showed a three-cluster structure, while the 
second and third factors showed a two-cluster structure. The clustering quality for F1 is .645, the average Silhouette 
coefficient is .524; the clustering quality for F2 is .696, the average Silhouette coefficient is .574, and for F3, the 
clustering quality is .694, the average Silhouette coefficient was obtained as .571. Considering that the Silhouette 
coefficient takes values between −1 and +1, and values approaching +1 indicate a more consistent clustering 
structure, it is seen that the obtained value is at an acceptable level. Additionally, clustering quality values above 
.50 indicate that the data are sufficiently separated into clusters (Dinh et al., 2019).

In the interpretation of the scores related to the F1 dimension, a three-cluster structure was taken as the ba-
sis, and two cutoff points were determined accordingly. Accordingly, scores in the range of 1.00–2.80 from the F1 
dimension were evaluated as low level, scores in the range of 2.81–3.30 as medium level, and scores in the range of 
3.31–4.00 as high level. According to this classification, high scores indicate that participants have a more positive/
higher perception of STREAM implementations, while low scores show that this perception is at a more limited level. 
In the interpretation of the scores related to the F2 dimension, a two-cluster structure was taken as the basis, and 
a cutoff point was determined accordingly. Accordingly, scores in the range of 1.00–3.22 from the F2 dimension 
were evaluated as low level, while scores in the range of 3.23–4.00 were evaluated as high level. According to this 
classification, high scores indicate that participants have a more positive and higher level of perception toward 
STREAM disciplines, while low scores show that this perception remains at a more limited level. In the interpreta-
tion of the scores related to the F3 dimension, a two-cluster structure was taken as the basis, and a cutoff point 
was determined accordingly. Accordingly, scores in the range of 1.00–2.80 from the F3 dimension were evaluated 
as low level, while scores in the range of 2.81–4.00 were evaluated as high level. These cut-off points have been 
interpreted by considering the 1.00–4.00 score range due to the 4-point Likert scale used for the rating. Therefore, 
the upper limit set for a high level in each sub-dimension has been taken as 4.00. According to this classification, 
high scores indicate that participants perceive the difficulties in implementing STREAM education at a higher 
level, while low scores show that this perception of difficulty is at a more limited level. These cut-off points should 
be considered sample-based and provisional. Therefore, they should be cross-validated in independent samples 
before being used for high-stakes decisions or definitive classification purposes.
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Testing Measurement Invariance

To determine whether the measurement tool adapted to assess pre-service teachers’ STREAM levels measured 
the same construct across female and male participants, multi-group confirmatory factor analysis was conducted 
to test measurement invariance. In evaluating measurement invariance, changes in fit indices were considered 
rather than relying solely on the chi-square difference test. For ΔCFI, a change of ≤ .01 is commonly recommended 
as evidence of invariance (Cheung & Rensvold, 2002; French & Finch, 2006), while a more liberal criterion of ≤ .02 
has also been suggested for complex models and multiple-group comparisons (Rutkowski & Svetina, 2014). For 
ΔRMSEA and ΔSRMR, changes of ≤ .015 and ≤ .030, respectively, have been recommended as acceptable thresholds 
(Chen, 2007; Rutkowski & Svetina, 2014). In the present study, ΔCFI, ΔRMSEA, and ΔSRMR values were evaluated 
together when determining measurement invariance across gender.

Table 6
Measurement Invariance Results of the STREAM Scale by Gender

Model χ² df p CFI TLI RMSEA SRMR ΔCFI ΔRMSEA ΔSRMR

Configural 835.047 592 < .001 .973 .970 .041 .077 — — —

Metric 899.287 615 < .001 .968 .967 .043 .079 -.005 .002 .002

Scalar 930.341 638 < .001 .967 .967 .043 .077 -.001 .000 -.002

Strict 973.562 664 < .001 .966 .966 .043 .080 -.001 .000 .003
Note. CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Stand-
ardized Root Mean Square Residual. Δ values were calculated based on comparisons with the preceding model.

Table 6 presents the results of the measurement invariance of the STREAM Scale by gender. First, it was de-
termined that the configural model tested showed acceptable/good fit, χ²(592) = 835. 047, p < .001, CFI = .973, 
TLI = .970, RMSEA = .041, SRMR = .077. This finding indicates that the factor structure of the scale works similarly 
for female and male participants and that configural invariance was established. Then, a metric model where the 
factor loadings were constrained to be equal across groups was tested, and it was observed that the model fit con-
tinued to be at an acceptable level, χ²(615) = 899.287, p < .001, CFI = . 968, TLI = .967, RMSEA = .043, SRMR = .079. 
When the change values between the configural model and the metric model were examined, they were found to 
be ΔCFI = -.005, ΔRMSEA = .002, and ΔSRMR = .002. The fact that these changes remain below the recommended 
criteria indicates that factor loadings do not vary by gender and that metric invariance is achieved.

After the metric model, the scalar invariance model was tested, where the item thresholds/cut-off points 
were equalized between groups. It has been determined that the scalar model also has acceptable fit values, 
χ² (638) = 930.341, p < .001, CFI = .967, TLI = .967, RMSEA = .043, SRMR = .077. Compared to the metric model, 
ΔCFI = -.001, ΔRMSEA = .000, and ΔSRMR = -.002 were calculated. This finding indicates that the initial levels of 
the scale items do not significantly differ by gender and that scalar invariance is achieved. Finally, the strict model, 
in which error variances are also equalized between groups, was examined. The fit indices obtained for the strict 
model are χ² (664) = 973.562, p < .001, CFI = .966, TLI = .966, RMSEA = .043, SRMR = .080, it has shown that the model 
demonstrates acceptable fit. When compared to the scalar model, it was found that ΔCFI = -.001, ΔRMSEA = .000, 
and ΔSRMR = .003. The fact that these values remain within acceptable limits indicates that the error variances are 
also similar between gender groups and that strict invariance is achieved.
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Table 7
One-Way ANOVA Results of F1, F2, and F3 Scores by Class Level and Department

Variable Group Variable Groups n M SD Levene p F p η² Sign.
Diff.

F1 Grade Level

1 128 3.087 0.363

.714 0.443 .722 0.003 None
2 116 3.037 0.355
3 144 3.058 0.392
4 110 3.082 0.398

F2 Grade Level

1 128 3.264 0.417

.994 0.171 .916 0.001 None
2 116 3.238 0.393
3 144 3.235 0.390
4 110 3.231 0.398

F3 Grade Level

1 128 2.631 0.517

.539 2.231 .084 0.013 None
2 116 2.699 0.491
3 144 2.769 0.560
4 110 2.781 0.509

F1 Department

1 116 3.026 0.351

.058 6.687 <.001 0.064

6 > 1 
2 > 5
3 > 5 
4 > 5 
6 > 5

2 33 3.175 0.301
3 58 3.135 0.377
4 126 3.109 0.411
5 133 2.950 0.355
6 32 3.290 0.323

F2 Department

1 116 3.193 0.383

.741 4.090 .001 0.040 2 > 5 
4 > 5

2 33 3.371 0.363
3 58 3.273 0.426
4 126 3.324 0.370
5 133 3.145 0.420
6 32 3.313 0.357

F3 Department

1 116 2.607 0.560

.194 2.366 .039 0.023 3 > 1

2 33 2.748 0.500
3 58 2.872 0.500
4 126 2.747 0.499
5 133 2.699 0.507
6 32 2.803 0.573

Note. For grade level: 1 = first year, 2 = second year, 3 = third year, and 4 = fourth year. For department: 1 = Primary Mathemat-
ics Education, 2 = Chemistry Education, 3 = Science Education, 4 = Primary School Education, 5 = Turkish Language Education, 
and 6 = Art Education. SD = standard deviation. Since the Levene test results were not statistically significant, the assumption of 
homogeneity of variances was considered to be met. η² values were calculated based on the sum of squares. In the “Significant 
Difference” column, only statistically significant post hoc comparisons are presented.

According to the one-way ANOVA results, there was no significant difference in F1, F2, and F3 scores in terms 
of class level. Accordingly, it can be said that the students’ F1, F2, and F3 scores are similar according to their grade 
levels. The non-significance of the Levene test results indicates that the assumption of homogeneity of variances 
is met.

In the analyses conducted according to the department variable, significant differences were found in the 
F1, F2, and F3 scores. F1 scores significantly varied according to the department variable (F(5, 492) = 6.687, p < 
0.001). According to the post-hoc results, the F1 scores of the students in the Department of Art Education are 
significantly higher than those of the students in the Department of Primary School Mathematics Education and 
the Department of Turkish Language Education; the scores of the students in the Departments of Chemistry, Sci-
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ence Education, and Classroom Teaching are significantly higher than those of the students in the Department of 
Turkish Language Education.

F2 scores also showed a significant difference according to the department variable (F(5, 492) = 4.090, 
p = 0.001). According to post-hoc results, the F2 scores of Chemistry Education and Classroom Teaching students 
are significantly higher than those of Turkish Language Education students.

A significant difference was also found in F3 scores according to the department variable (F(5, 492) = 2.366, 
p = 0.039). According to the post-hoc results, the F3 scores of the Science Education students are significantly 
higher than those of the Primary School Mathematics Education students. In general, while the class level variable 
does not have a significant effect on F1, F2, and F3 scores, the department variable is seen to create significant 
differences in all dimensions.

Discussion 

The findings supported a three-factor structure for the Turkish version of the STREAM Perception and Imple-
mentation Challenges Scale for Pre-Service Teachers. Perceptions of STREAM implementation, perceptions of 
STREAM disciplines, and perceived implementation challenges emerged as related but distinct dimensions. This 
structure is consistent with the multidimensional nature of STREAM education, which involves not only disciplinary 
integration but also pedagogical readiness, implementation competence, and contextual conditions (Johnston et 
al., 2022; Phang et al., 2023; Subramaniam et al., 2023; Sun & Zhong, 2024; Yang et al., 2023).

Confirmatory factor analysis showed an acceptable to good model fit after four items with low factor loadings 
and high error variances were removed. The item-removal decisions were based on statistical indicators, along with 
expert judgments on content coverage and theoretical relevance. This approach is consistent with contemporary 
test-adaptation standards, which emphasize that psychometric decisions should not rely solely on model fit but 
should also consider the construct represented by each item (AERA et al., 2014; Brown, 2015; DeVellis, 2017; ITC, 
2017; Kline, 2016; Worthington & Whittaker, 2006). Two retained items had borderline loadings (.300 and .306) and 
relatively high error variances. Although their retention preserved the theoretical scope of the relevant factor, these 
items should be re-examined and, where necessary, revised in future validation studies using independent samples.

The reliability coefficients indicated acceptable internal consistency for all three subscales. The consistency of 
the findings across Cronbach’s alpha, McDonald’s omega, and composite reliability supports the reliability of the 
subscale scores, while avoiding reliance on a single coefficient that may be affected by restrictive assumptions such 
as tau-equivalence (Dunn et al., 2014; McNeish, 2018). Nevertheless, the convergent validity findings were more 
cautious. The AVE values for the first two factors were below the conventional .50 threshold, whereas composite 
reliability values exceeded .70, therefore provide acceptable evidence of construct reliability but limited evidence 
of convergent validity for these dimensions (Fornell & Larcker, 1981). By contrast, the HTMT values were below 
.85, supporting the discriminant validity of the three factors (Henseler et al., 2015). Taken together, these findings 
support interpretation at the subscale level rather than through a single total score.

The relationship between the first two STREAM dimensions was positive and moderate, indicating that par-
ticipants who evaluated STREAM implementation positively also tended to value its disciplinary components. In 
contrast, perceived implementation challenges showed weak relationships with the other dimensions. This pattern 
suggests that recognizing the educational value of STREAM does not necessarily mean that pre-service teachers 
perceive its implementation as easy. They may hold positive views of STREAM while also anticipating barriers related 
to time, materials, professional knowledge, experience, and institutional support (Pakalnina & Grava, 2025; Phang 
et al., 2023). Similar distinctions between pedagogical beliefs, self-efficacy, and professional development needs 
have been reported in teacher education research (Chen et al., 2021; Yang et al., 2023).

The distinct position of the implementation-challenges factor also raises an important issue concerning 
the coherence of the overall instrument. Its low correlations and HTMT values with the first two factors indicate 
that it represents perceived barriers rather than a negative form of STREAM perception. The factor may therefore 
be most useful as a complementary diagnostic subscale that identifies contextual and implementation-related 
needs. Future research could test whether a bifactor model or a two-instrument structure better represents the 
distinction between positive STREAM perceptions and perceived implementation barriers. This interpretation is 
consistent with evidence that STREAM implementation challenges are often associated with contextual resources 
and professional support rather than attitudes alone (Pakalnina & Grava, 2025).
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Criterion-related validity was supported by the positive relationships between the first two STREAM dimensions 
and engineering design self-efficacy. Pre-service teachers who perceived STREAM implementation and disciplines 
more positively also reported greater confidence in engineering design processes. This finding is theoretically 
consistent with Bandura’s (1997) view that domain-specific self-efficacy influences individuals’ willingness and 
persistence in performing related tasks. Engineering design is central to STREAM because it involves identifying 
problems, generating and evaluating solutions, developing products or prototypes, and integrating knowledge 
from multiple disciplines (Kahraman et al., 2024; Mumba et al., 2023; Ojeogwu & Mumba, 2025).

The findings also align with studies showing that engineering design and integrated STEM/STEAM experiences 
can strengthen pre-service teachers’ design thinking, instructional competence, and science-engineering teaching 
self-efficacy (Hammack et al., 2024; Khamhaengpol et al., 2021; Lin et al., 2021; Ozkizilcik & Cebesoy, 2024). Similar 
associations between integrated STREAM experiences, implementation intentions, and teaching self-efficacy have 
been reported in different educational contexts (Menon et al., 2025; Subramaniam et al., 2023). These converging 
findings support selecting engineering design self-efficacy as a theoretically appropriate external criterion.

Perceived implementation challenges, however, were weakly or non-significantly related to engineering 
design self-efficacy. This result suggests that implementation difficulties may depend more strongly on external 
conditions than on individual confidence in engineering design. Limitations in time, resources, teacher preparation, 
infrastructure, and institutional support may remain even among individuals who feel competent in design-based 
activities (Ghazali et al., 2024; Phang et al., 2023). The weak relationship therefore reinforces the need to interpret 
implementation challenges separately from positive STREAM perceptions and individual self-efficacy.

The scale demonstrated configural, metric, scalar, and strict measurement invariance across gender. This find-
ing indicates that the factor structure, loadings, thresholds, and error variances were comparable across female 
and male participants. Establishing measurement invariance is necessary for meaningful group comparisons and 
reduces the likelihood that observed differences reflect measurement bias rather than genuine variation in the 
construct (Chen, 2007; Cheung & Rensvold, 2002; Meredith, 1993; Putnick & Bornstein, 2016). However, because 
male participants represented a relatively small proportion of the sample, replication with more balanced groups 
remains necessary.

The findings are broadly consistent with international research showing that insufficient professional develop-
ment and implementation resources can limit STREAM practices, whereas explicit exposure to integrated STEM/
STEAM and engineering design can strengthen teacher self-efficacy and instructional readiness (Capobianco & 
Radloff, 2022; Ng et al., 2022; Phang et al., 2023). Nevertheless, cross-cultural validation is required before the Turk-
ish form can be used confidently in other linguistic and educational contexts.

The empirical cut-off points derived for each subscale provide a preliminary framework for interpreting low, 
medium, and high score ranges. These classifications may support needs assessment, program evaluation, and 
professional development planning when subscale scores are reported separately. The third factor should be in-
terpreted as an indicator of perceived implementation barriers rather than combined with the other dimensions 
in a total STREAM perception score. Because the thresholds were derived from the present sample, they should 
be treated as provisional and cross-validated before being used for consequential decisions. This subscale-based 
approach is appropriate for multidimensional instruments whose factors do not form a homogeneous higher-order 
structure (Hair et al., 2019).

No significant differences were observed across grade levels, suggesting that STREAM perceptions do not 
necessarily develop solely through progression in a teacher education program. More direct experiences, such as 
methods courses, engineering design activities, workshops, and practice-based learning, may be more influential 
than the number of years spent in the program (Hammack et al., 2024; Menon et al., 2025). In contrast, significant 
differences across academic departments indicate that disciplinary and pedagogical experiences may shape how 
pre-service teachers interpret STREAM implementation, disciplines, and challenges.

Departmental differences should not be interpreted as evidence that STREAM is more relevant to particular 
subject areas. Instead, they suggest that access to interdisciplinary and design-based experiences may vary across 
programs. Previous studies have shown that STEM modules and design-based activities can support conceptual 
development, creative thinking, and problem-solving across educational contexts (Arifin & Siew, 2023; Dedetürk 
et al., 2021). Teacher education programs should therefore integrate STREAM experiences not only into science 
and mathematics education but also into language, primary school, and arts education through activities suited 
to the epistemological and pedagogical characteristics of each discipline.
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Limitations

This study has several limitations. Participants were selected through convenience sampling from a single 
national and institutional context. This limits the generalizability of the findings. The sample was also predominantly 
female. Most participants had limited prior exposure to STREAM-related training, coursework, or practical activities. 
Although measurement invariance across gender was supported, future studies should replicate the findings with 
more balanced, multi-site, and cross-cultural samples. These studies should also include participants with varying 
levels of STREAM experience.

The study relied on self-report measures. The responses may therefore have been influenced by social desir-
ability or inaccurate self-assessment. Future research could combine scale scores with observations, performance-
based tasks, lesson-plan analyses, interviews, or focus groups. This would provide a more comprehensive account 
of STREAM perceptions, implementation challenges, and engineering design self-efficacy.

Evidence of convergent validity was limited for the first two factors. Their AVEs were below the conventional 
threshold. In addition, two retained items had borderline factor loadings and relatively high error variances. These 
items and the factor structure should be re-examined in independent samples. Item wording should be revised 
where necessary. The empirical cut-off points should be considered provisional until they are cross-validated in 
different samples.

Finally, the cross-sectional design did not allow for examining changes in STREAM perceptions or engineering 
design self-efficacy over time. Longitudinal and experimental studies are needed to determine how STREAM-based 
courses, workshops, and practice-oriented interventions influence these constructs.

Conclusions and Implications 

This study provided psychometric evidence for the Turkish adaptation of the STREAM Perception and Imple-
mentation Challenges Scale for Pre-Service Teachers. Findings supported a 26-item, three-factor structure: percep-
tions of STREAM implementation, perceptions of STREAM disciplines, and perceived implementation challenges. 
The subscales showed acceptable internal consistency. Measurement invariance across gender showed that the 
instrument functions similarly for female and male pre-service teachers.

Perceptions of STREAM implementation and STREAM disciplines were positively associated with engineer-
ing design self-efficacy. In contrast, perceived implementation challenges showed only weak or non-significant 
relationships with this construct. The low associations between the third factor and the other dimensions indicate 
that STREAM-PICS scores should be interpreted separately at the subscale level rather than combined into a single 
total score. Although construct reliability and discriminant validity were supported, the low AVE for the first two 
factors indicates that convergent validity remains limited.

The scale may be used in teacher education programs to identify pre-service teachers’ perceptions of STREAM 
education, their evaluations of STREAM disciplines, and the barriers they anticipate during implementation. By 
administering the scale, programs can better assess specific needs, evaluate current curricula, and plan targeted 
professional development activities. High scores on the implementation-challenges subscale specifically signal 
areas where more support may help teacher educators identify needs related to practical experience, instructional 
resources, interdisciplinary planning, or implementation support. The empirical cut-off points aid initial interpreta-
tion of subscale scores, but they should be used cautiously for decision-making until confirmed in independent 
samples.

The absence of grade-level differences suggests that STREAM-related perceptions may not develop solely 
through progression in a teacher education program. In contrast, differences across academic departments indicate 
that disciplinary and program-related experiences may shape these perceptions. These findings imply that teacher 
education programs should provide structured, practice-oriented STREAM experiences across all areas- science, 
mathematics, language, primary school, and arts- rather than confining them to particular subjects. Future research 
should validate the two items with borderline factor loadings, test the factor structure and cut-off in more diverse 
samples, and evaluate how STREAM-based courses and interventions influence perceptions through longitudinal 
or experimental designs.
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